ABSTRACT BACKGROUND: Vitamin D deficiency has been associated with cardiovascular risk factors, including type 2 diabetes mellitus (T2DM). Evidence shows that patients with low serum 25-hydroxyvitamin D (25OHD) concentrations have a higher risk of developing coronary artery disease. OBJECTIVE: The objective of this study was to assess vitamin D as a predictor of the severity in diabetics with acute coronary syndrome (ACS). METHODS: A total of 166 patients were diagnosed with ACS. Serum 25OHD concentrations were analyzed, and risk factors for ACS were evaluated. RESULTS: Patients diagnosed as having acute myocardial infarction with elevation of the ST segment had a higher rate of 25OHD, ,20 ng/mL compared to $30 ng/mL (47.8% × 13.4%, P = 0.03). Diabetics with vitamin D deficiency had more multivessel lesions in the coronary angiography than non-diabetics (69% × 31.8%, P = 0.007). After adjustments for confounders, serum 25OHD remained associated with more severe disease. CONCLUSION: Vitamin D deficiency is associated with more severe ACS and is a predictor of more extensive coronary lesions in patients with T2DM.
Introduction
Vitamin D is involved in the functioning of pancreatic beta cells via the vitamin D receptor, 1 and reduced serum 25-hydroxivitamin D (25OHD) concentrations are associated with a risk of developing type 2 diabetes mellitus (T2DM) 2 and metabolic syndrome. 3 Vitamin D acts on the renin-angiotensin-aldosterone system and effects changes in cardiomyocytes as a result of the presence of its receptor in this type of cell, which explains its direct effect on the cardiovascular system. 4 Individuals with low serum 25OHD levels have a higher risk of developing an acute myocardial infarction. 5 Patients with T2DM are more likely to develop ischemic cardiovascular disease, and vitamin D deficiency would appear to increase this risk by acting directly on the endothelial function, leading to more unstable plaques. 6, 7 Macrovascular disease is a cause of increased mortality in T2DM and likely to be further increased with vitamin D deficiency, 8 although few studies have evaluated vitamin D status in individuals with T2DM and acute coronary artery disease (CAD). The aim of the present study was to measure vitamin D status (serum 25-OHD concentration) in diabetic patients with acute coronary syndrome (ACS) and its association with the severity of the disease.
Methods
Subjects. A total of 166 consecutive patients at the Coronary Care Unit of Agamenon Magalhães Hospital were studied. The inclusion criterion was ACS, and the diagnosis was made on the basis of a compatible clinical profile in combination with electrocardiographic criteria, 9, 10 while that of T2DM was made using the American Diabetes Association criteria. 11 Patients were excluded if they had chronic kidney disease, heart failure, primary hyperparathyroidism, active malignant disease, and uncontrolled hyperthyroidism or hypothyroidism. No patients were on vitamin D supplements.
Physical examination and laboratory investigations. After providing the informed consent document, the patients had their histories taken and underwent a physical examination for measurement of their anthropometric features. The skin phototype was assessed using Fitzpatrick's classification, 12 and the sun index was calculated on the basis of exposed body surface, multiplied by hours weekly spent in the sun. 13 Blood samples were collected in the fasting state within the first 24 hours after admission. Serum parathormone was measured using Immulite 200 chemiluminescence equipment, with intra-and interassay variation coefficients of 2-5.7% and 6.3-6.8%, respectively. Serum total 25OHD concentrations were measured by chemiluminometric assay (LIAISON; DiaSorin). Assay sensitivity, defined as the lowest value different from zero, was 1.8 ng/mL, and the interassay coefficient of variation was 5%. Serum glucose, triglycerides, creatinine, glycated hemoglobin, total cholesterol and fractions, and calcium were measured using an autoanalyzer (Johnson & Johnson).
Creatine phosphokinase and creatine phosphokinase-MB were measured using the dry chemistry technique on the Johnson & Johnson® Chemistry System. Troponin was measured using an immunoassay on the Roche® Cardiac Reader. The scores for cardiovascular TIMI (Thrombolysis in Myocardial Infarction) risk, 9, 10 were obtained from the data in the medical records. Ventricular function was assessed by means of an echocardiogram on an Esaote® MyLab 30 Gold using the methods developed by Simpson and de Teicholtz to estimate the ejection fraction in the left ventricle. Coronary angiography was carried out using a Philips® Allura CV0246, and a lesion was considered significant when there was stenosis $70% in the main coronary artery or $50% in the left coronary artery trunk.
14 Statistical analysis. The results were analyzed using the following descriptive statistical measurements: mean, standard deviation, median, and absolute and percentage distributions (percentages). The association between two category variables was assessed using the chi-square or Fisher's exact test, and the odds ratio (OR) was calculated, along with the respective confidence interval. To confirm differences between categories in relation to numerical variables, Student's t-test was used to compare two categories, and F-test (analysis of variance (ANOVA)) was used to compare three or more categories. In the case of a significant difference in the F-test (ANOVA), multiple Tukey comparisons were used for acceptance of the equality of variances hypothesis and the Tamhane comparisons were used for rejection of the equality of variances hypothesis. Verification of the equality of variances test was performed using the Levene's F-test. The association between numerical variables was assessed using Pearson's correlation coefficient. To assess the patients' probability to present multivessel disease according to possible risk factors, it was adjusted to a multiple logistic regression analysis with backward selection. In the initial analysis, the 20% (P , 0.20) significant variables association was included. In the bivariate analysis and in the final analysis, the variables that showed P , 0.20 remained.
The statistical error used was 5%, and the confidence interval was 95.0%. The software used to input data and perform statistical calculations was SPSS Version 23.
The study was approved by the institution's research ethics committee (Agamenon Magalhães Hospital, Recife/ Brazil). The research was conducted in accordance with the principles of the Declaration of Helsinki.
Results
A total of 166 patients were included, of whom 66 were diabetics and 100 non-diabetics. The mean 25OHD was 22.33 ± 8.48 ng/mL. The prevalence of vitamin D deficiency (,20 ng/mL) was 41.6% and that of insufficiency ($20 and ,30 ng/mL) was 40.4%. Of those with T2DM, 54% had 25OHD ,20 ng/mL compared with 33% of those with non-T2DM (P = 0.006). The overall mean for the sun index was 4.21 ± 5.04. The general characteristics of diabetic and nondiabetic patients are shown in Tables 1 and 2 .
The diabetic patients had a lower mean 25OHD (20.34 ng/mL vs 23.64 ng/mL) when compared with nondiabetic patients, even with a lighter skin phototype, and there were no differences in the sun index between the two groups. The diabetic patients had a higher mean age (64.64 ± 10.91 years vs 57.53 ± 11.20 years), stayed longer in the hospital (14.0 ± 9.57 days vs 9.0 ± 9.3 days), had a higher mean TIMI risk (4.27 ± 1.75 vs 3.03 ± 1.65), and had a more frequent history of CAD (myocardial infarction and angina; P = 0.005) than non-diabetic patients. Despite this, when smoking was taken into account, patients with DM were less likely to smoke, and the mean total and lowdensity lipoprotein (LDL) cholesterol were also lower in these individuals (180.20 mg/dL vs 201.58 mg/dL; 102.59 mg/dL vs 125.51 mg/dL, respectively), probably because they used more statins (42% vs 13%), P , 0.001.
The prevalence of serum 25OHD levels ,20 ng/dL was higher than the levels between 20 ng/dL and 30 ng/dL in diabetic patients. This higher frequency was also found when using the upper and lower 25OHD quartiles.
In the present study comparing patients with a deficiency with those with sufficiency and the upper and lower 25OHD quartiles, there was no evidence of differences between the groups in terms of age, the presence of metabolic syndrome, LDL, obesity, TIMI risk, ejection fraction on the echocardiogram, or cardiac enzymes, although there was a greater prevalence of lower serum 25OHD levels in individuals diagnosed with acute myocardial infarction with elevation of the ST segment (STEMI).
Patients diagnosed as having acute myocardial infarction with elevation of the ST segment had a higher rate of 25OHD, ,20 ng/dL compared to $30 ng/dL (47.8% vs 13.4%, P = 0.03), regardless of cardiovascular risk factors.
The number of lesions in the coronary artery revealed by angiography varied from group to group: patients with T2DM and vitamin D deficiency had a higher frequency of multivessel lesions compared to non-T2DM patients (P = 0.007). This difference was not found between T2DM patients and non-T2DM patients with 25OHD .20 ng/mL and was independent of age ( Fig. 1) .
Discussion
The high prevalence of low serum 25OHD levels is in agreement with previous findings for this type of population, 2 although it is noteworthy that the present study comprised only individuals living in the tropics, where there is more sunlight. A study by our group, 15 in the city of Recife, Brazil (latitude 8°S) with 284 elderly men with a mean age of 69.44 years found vitamin D deficiency in 31.5% with a mean 25OHD of 27.86 ± 13.52 ng/mL. The high prevalence of 25OHD ,20 ng/mL in the present study, mainly among diabetic patients, corroborates the association between T2DM and vitamin D found in the literature. 16 Another study 17 conducted in Salvador, Brazil (latitude 12°S) in individuals with ACS found a mean 25OHD of 19.5 ng/mL, although, in this population, the mean age was greater (70 years). Most patients had a more pigmented skin phototype, and a different method was used for the 25OHD assay.
Another interesting finding is that, despite the mean sun index in our study being high (4.21 ± 5.04), with a mean daily exposure to sunlight of three hours, most patients did not have adequate serum 25OHD levels. In the abovementioned study conducted by Cabral et al, 15 the mean sun index was 5.49 ± 5.05, with most of them being vitamin D deficient. These results draw attention to the need for vitamin D supplements in regions with abundant sunlight, since routine daily sunlight exposure is usually not sufficient to attain optimal serum 25OHD levels in most individuals.
One important finding was the higher prevalence of low serum 25OHD levels in patients with STEMI, regardless of the presence of traditional cardiovascular risk factors such as metabolic syndrome, dyslipidemia, obesity, hypertension, and smoking. These patients with low serum 25OHD levels are likely to be affected by T2DM, although the lower the level, the lower the proportion of T2DM, suggesting that vitamin D plays a more significant role in determining the severity of ACS the more extreme the deficiency. To our knowledge, this is the first study demonstrating that severity of ACS associated with vitamin D deficiency, making the latter a factor in predicting severity. Recently, Correia et al 17 showed that patients with ACS and severe vitamin D deficiency (,10 ng/mL) exhibited higher hospital mortality, although STEMI, non-STEMI, and unstable angina remained unchanged. There were no deaths in this cohort during the period of evaluation.
A study with asymptomatic individuals has shown that patients with T2DM and a high risk of CAD tend to have higher coronary calcium scores when they have severe vitamin D deficiency (,5 ng/mL), 18 while Hartaigh et al 19 assessed individuals with T2DM and a high risk of cardiovascular events undergoing coronary angiography and found that patients with lower serum 25OHD levels had a poorer glycemic control and higher serum inflammatory markers. These data suggest a role of vitamin D in the development of CAD, especially in patients with T2DM. Few studies have reported coronary angiography findings and their association with serum 25OHD levels, and these were conducted mainly in non-diabetic patients. Pilz et al 20 examined patients undergoing angiography, but did not associate coronary lesions with vitamin D deficiency. Recently, Lim et al 21 have shown an association between less good vitamin D status and higher risk of coronary stenosis on angiotomography, although the mean age of patients was higher than in the present study and they had not undergone an acute coronary event. Shor et al 22 have shown that serum 25OHD levels ,20 ng/mL are predictors of significant coronary lesions, although they did not find any association with the number of vessels affected and did not differentiate between T2DM and non-T2DM patients. Syal et al, 23 in a 100-patient study, identified an association of vitamin D with a higher number of lesions and degree of stenosis in patients undergoing a cardiac catheterization, although their study involved a population with low mean serum 25OHD compared to ours (14.8 ng/mL vs 20.34 ng/mL) and in their group of patients, 44% had stable arterial disease. We did not find any studies in the literature evaluating the number of coronary lesions and their association with vitamin D status in diabetic patients who had experienced an acute coronary event.
Patients with T2DM have been reported to have more coronary lesions than non-T2DM ones, 24 although the present study showed that this difference was significant only in patients with vitamin D deficiency. In patients with 25OHD .20 ng/mL, there were no significant differences between T2DM and non-T2DM regarding the number of lesions. These data reinforce the potential role of vitamin D in exacerbating coronary disease, probably through a direct effect in inflammation and consequently plaque rupture. 7, 25 However, some other data in the ACS patients without stratification for T2DM have not shown an association between vitamin D deficiency with markers of inflammation. 26 Likewise, Goleniewska et al 27 evaluating ACS patients with very low serum 25OHD concentrations, from 6 ng/mL to 17 ng/mL (lower to upper quartile), showed no association with the extent of coronary lesions. Finally, data from Norway in the ACS patients with serum 25OHD from 12 ng/mL to 31 ng/mL (lower to upper quartile), who were followed up to seven years, showed improved survival in those in the highest quartile. 28 As limitation of the present study, we emphasize its crosssectional design not allowing the establishment of general causality. There is a need for prospective or controlled studies with larger sample sizes where vitamin D replacement and the impact of the 25OHD levels on severity of CAD are observed.
In conclusion, vitamin D deficiency was independently associated with more severe ACS and was predictive of more extensive coronary lesions of patients with T2DM.
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